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CHEMICAL CHARACTERIZATION OF HC SMOKE POT 2041008

INTRODUCTION

Background

Obscurant smokes are used by the Army during training. One
of these is hexachlorcethane smoke (HC-smoke), which 1s produced
by reaction of hexachloroethane (46.7%), zinc oxide (46.7%) and
granular aluminum (6.7%). The hexachloroethane and zinc oxide
ratio 1s generally maintained close to 1:1 while tbhe aluminum
content 1is varied slightly to regulate the burning rate (USA
1975). Equation 1 gives the chemical reaction in smake formaticon

CoCly + 3Zn0+ 2A1 ——————- > 3ZnClo + AloB=  + 2C + heat (Eg.

The InCl, vapors, after rapid condensation, faorm the desired
obscurant particulates. The vapor and particulate matter emitted
by the HC smoke mixture have been chemically characterized 1in
test burns with simulated "mini" smokepots by Katz et al. (1980).
Major constituents have been monitored in field tests and their
relative concentrations determined at various distances from the
source (Schaeffer et al. 1986, 1987).

A health risk assessment of HC smoke found that the carcino-
genic potential of the chemical by-products formed during the
smoke generation process created a high excess risk to military
personnel (Novak et al. 1983). The study did not consider the
possible effects of residues an environmental and human health.
Although the vapors and particulate matter emitted from HC smoke-
pots have been chemically characterized, the chemical compos:-
tions of smokepot and deposited residues are unknown. As shown iin
this study, pot and deposited residues are each about 20 % (2000
g9) of the smokepot charge (13,600 g).

The effects (if any) of residues on bhuman health and the
environment are not known. Information on the chemical composi-—
tion of the residues 1s needed to determine the hazards asso-
ciated with spent smokepots. The Army doz2s not have a published
standard operating procedure for collecting and disposing of used

smokepots in an environmentally acceptable manner. Before alter-
native acceptable disposal measures can be employed, the smokepot
residues must be chemically characterized. Based on this charac-

terization, alternative Freventative Environmental Technology
(PET) measures can be developed and tested.

Objective

A three phase study nf HC smokepot residues 15 planned.
This research will determine the need for preventative measures
to avoid environmental contamination and for development of sate
disposal methods for workers. Phase [, reported here, character-

1)
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> ized the chemical compos:?® on of HC smokepots and deposited

:: residues generated using a fixed set of field experimental condi-

:: tions. Experimental procedures for chemical characterization of

o) residues were evaluated and documented. Extensive recommendations

) for additional studies and for suggested actions are made.

S

5; Approach

¥

: A literature review was conducted to determine the most

N praobable chemical compounds or predominant chemical groups char-

L: acterizing HC smokepot residues. Based on this literature

S review, an analytical scheme to identify and quantify smokepot

b residue chemical constituents was developed and validated. The

- scheme was a comprehensive mass balance accounting procedure
which attempted to identify compounds which might adversely

X effect the localized environment. A statistical design for samp-

» ling smokepot and deposited residues was developed. This plan

:j treated the smokepot residues as a segmented “lot® sampling
problem (defined in Appendix A).

"

(o)

Samples were collected at ? levels within the smokepot. At
least 5 points outside the smokepot on the downwind axis, and at
least 3 points outside the smokepot on the other axes, samples
were collected in a manner which generated sufficient data to
examine deposition quantity versus distance relationships. AN
experimental procedure to systematically collect smokepot resi-
dues under field conditions was developed.

E] - P W
P} 2

o

P

The study was conducted in two trials. Trial 1 was designed
to develop and evaluate experimental protocols for generating HC-
smoke, collecting residues in the field, and chemical analysis.
Laboratory experiments optimized the recovery of likely inorganic
o and organic compounds. A comprehensive analytical scheme design-—
K ed to identify all major, and many minor chemical compounds in

the residues was developed for Trial 2. Analyses were optimized
. using model inorganic and organic species which had been selected

based on the literature review. The analytical scheme was based
' on one used to identify complex organic compounds in coal gasifi-

cetion products (Vogt et al. 1982). The scheme was validated for
& smokepots using HC residues and contaminated sands obtained in an
earlier study. Strict attention was given to GA/GQC procedures to
assure the validity of analytical results.

¥,

Scope

.{ »

Fhase I was concerned with the development of field sampling
and chemical analysis methods. The reproducibility of smokepot
burn times was investigated. A primary concern was the lateral
and vertical distributions of compounds in the smokepot residue.
Another primary concern was determining how the burn scenario
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;,ﬁ affected the spatial distraibution and chemical caomposition of
':ﬁ deposited residues. Scenarios using single and double smokepots
r¢b ignited upright or on their side(s) were studied. Fhase 1 was
K n not concerned with the effects of air temperature, humidity, age
' of the smoke munition, aor differences in munitions from different
Ay Lot numbers. It was not possible to measure the temperature 1in
:bﬁ the 1gnited smokepot. The ecological and human health risks
‘ﬁ? associated with smokepot and deposited residues were not investi-
:bﬁ gated. This study was not concerned with the envirocnmental fate
) of deposited residues or with disposal methods tor spent smoke-—
') pots and contaminated soils.

o,

N

) .‘:-!:

}3 Mode of Technoloqy Transfer

o

{;

i

; USA-CERL technology transfer will occur through preparation
0 of a USA-CERL Interim Technical Report, in Frocess Reviews,
‘v: presentation at appropriate DOA conferences, and publication 1in
:i: the technical literature. USA-CRDEC, sponsor of this work, will
SN be responsible for the ultimate technology +transfer, 1ncluding
?f» publication of a technical report.

’\‘

wT The findings and recommendations will lead to further
{} research in HC smokepot chemistry, biomonitoring, environmental
ﬁi: impact and risk assessment. These include (1) studies of the
& e deposition of HC residues, (2) effects of humidity on residue
{ chemistry and distribution, (3) environmental fate of depos: ted
;q chemicals, (4) development of disposal procedures for spent
uj smokepots and procedures for cleanup of contaminated soils
tq (defined by USA-CRDEC as Preventive Environmental Technology).
,?: The results reported here may effect new guidance for the safe
b disposal of(use of HC smoke and smokepot residues.
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PROCEDURE

Literature Review

The basic chemicael processes i1nn HC-asmoke generation  are
understood (Eq. 1). However, the comgies regactions acourring in
an HC smokepot are largely unknown. The actual reactions are

very complex as evidenced by the formation of by-products such as
phosgene (COCl2) ., trichloroacetyl chloride (CCLZCOCH), teirachlo-
roethylene (CpCly), hexachlorobenzene (C C1.) and carbon tetra-
chloride (CCl,). Furthermore, while the etfects of the mix
composition, age, addition of dyes., and moisture content, on the
stability, optical properties ot the obscurant smoke, and rate of
reaction, have been monitored (Hartley et al. 1982, 1964, jittie
attention has been paid to the possible formation of chiorinated-—
oxygenated aromatics at the bigh temperatures obtained during HC-

smoke generation. In order to delineate _the possible reactions
occurring at the high temperatures t:1100°C) reached during  HE-
smoke generation, literature related o the reasctions of chlori-
nated hydrocarbons at high temperatures was reviewed. Speciral

attention was given to processes where the <hlorinated hydrocar-
bons react 1in the presence oif a reducing envirgnment premoting
free radical reactions (Senkan 1982).

Studies reporting the formation of environmentally signifi-
cant molecules such as polychlorinated oxvgenated aromatics,
chlorinated organometallics and chlorinated polynuclear aromatics
was reviewed (Exner 1982, and references thereini. Folyvchlori-
nated dibenzo-p-dioxins, polychlorinated dibenzaofurans and poly-
chlorinated xanthanes, and others, have been found 1n simulated
incineration studies at temperatures up to 650°C (Markund et al.
1985) . Some of these compounds are toxic to several faunal
species, so their presence i1n smokepot residue would 1ncrease the
environmental risk associated with the use ot HC obscurant smoke.
However, the extent of survival of most orgamic molocules at the
temperatures reached during the smole generation process 31s
largely unknown. Kinetic and thermodvnamic data suggest that
most compounds are destroyed at high temperature. Howeaver ,
because chlorinated hydrocarbons suppress combustion ates at
elevated temperatures, 1.6€., temperatures above ~BOo"C (Senkan
1982) (due to their free radical scavenging characteristics),
contact time in the heated zone may markedly affect the extent of
destruction. Thus., present 1ncireration guirdelines sugaest a 2.0
sec dwell at 100 C or a 1.5 sec dwell at IDOOUC (Clart and Cudahy
1982) .
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Generation of Smoke and Collection of Residue Samples

Residues from HC smokepots were collected in twe trials
conducted at Fort Leonard Wood, Missouri. In Trial 1 (24-25 June
1985), five smokepots from Lot # PB-84 M0O24--007 were set off, one
at a time, in upright positions. The purposes of this trial were
to confirm the sampling and analytical methods and to determine
the spatial distribution of components in the smokepot residue.
The second trial (16-19 December 1985) examined the effect of
commonly employed smokepot i1gnition modes on resicdue composition.
In both trials, deposited residues were sampled using a grid
shown schematically in Figures 1-
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) Expended smokepots from Trial 1 were subsampled to determine
G the spatial distribution of components in the residue. Smokepots
- were sampled by cutting the smokepot with shears. The smokepot
. residue was divided into three sections (A, HB, C) with a stain-
less steel sampler designed for that purpose. Each section was
divided into three subsections (1, 2, 3) (Figure 2). In addition
to sampling the residues in the smokepots, deposited residues
were collected by placing pyrex glass dishes 0.5 to 10 m from the
smokepot. Burn rate, total residue content, humidity and air
temperature were monitored.

a4

Trial 2 studied four ignition modes: a single smokepot fired
in upright position, two smokepots stacked and fired in upright
position, a single smokepot fired on its side, and two smokepots
placed back to back and fired on their sides. The placement of
pots and sampling trays for each mode is shown 1n Figures 4-5.
In order to make a statistically sound assessment of any changes
> in composition resulting from the ignition mode, each mode was

repeated five to six times. A total of 34 HC-smokepots were
] used. Thirty smokepots were from Lot # FB-84 M0O24-007 ("Lot 1)
ﬁ and 4 from Lot # PE-84 C020-012 ("Lot 2") were sampled. Residues
Rl deposited within 2 m from the smokepot were sampled. All residues
g were weighed, homogenized, and analyzed for 1norganic consti-
tuents and total carbon, and screened for majlor aorganic moieties
such as tetrachloroethane, hexachloroethane, he:achlorobutadiene
and hexachlorobenzene.

s - Selelil

e Y T e

’ Analysis for Organic Constituents

[%

The analytical scheme was first optimized and validated with
model compounds consisting of polynuclear aromatic hydrocarbons.
polychlorinated aliphatics and aromatics. Residues from Traial |
were spiked with known concentrations of model compounds.
Recoveries were optimized by varying the extraction solvents.
concentration techniques and fractionation procedures. Toluene
and benzene were the most efficient solvents. Recoveri1es for D-
labeled naphthalene, anthracene, chrysene., and dibenzanthracene
were 90-100Z with toluene and 75-90 % (Trial 1) and B85-100%
(Trial 2) with benzene. Toluene was used 1n Traial 1. Because
' traces of AlCly in the residue led to the formation of many
’? condensation products with toluene, benzene was used i1n Trial 2.
']

L
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) The validated procedure (Fiqure 6) used 1n the analvsis of
§ residues from Trial 2 consisted of an 18 hr soxhlet extraction of
q 10-20 g residue with 300 ml glass distilled benzene (EM Gcience,
Cherry Hills, NJ), concentration of the extract with rotary
evaporation, and screening of the concentrated extract with high
performance liquid chromatography (HPLC). The HPFLLC system used
for initial screening was a model 4 solvent delivery system with
a LC75 WV/VIS detector in tandem with a model 6&50-105 spectro-
fluorimeter (Perkin-Elmer Corp., Norwalk, CT). Separations were
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Subsampling Arrangement for Smokepots in Trial 1
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Isolation, Fracticonati10r and Cnaracteri1zatign Scrneme
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carried out with a C-10 «olumn unde- a o aten Solveent
gradient. The eluent Wet L A water toeot S te g e N Teny %
acetonitrile. Abeurptiin, 21 tation. Ane o emien 00 A e et e
were monttored A% oA flar brons b tame oot e Ll T T TR

ring polvnuclear aromatice.

Fesidue extracts were analyred for polyhialcoenated ar gmatacn
and aliphatics using a gas chromatograph equipned witn any oioert
ron capture detector (Model 5860, Tracor Instrumenta. Auat i, 'y
Separation was carried out with a 20 m bonded phace fucsed oyl
capiliary column (DB-5, J % W Scientific, FKRancho Cordovi, (A,
Confirmatory analysic for extracted organic constituents azed
gas chromatograph 1nterfaced to a mass cspectruometer (HU—-MS,
{Model (OWA Z0H, Finnigan Corp., Falo Alto, CAY operating at &%,
eV. GC-MS analyses used a JIO m bonded phase fused si1li10a capil-
lary column. To assure the umiformity cf the extraction proce-
dure, all residue samples were spirked with tPrown amounntes of
deuterium labeled naphthalene (CyDg). anthracene (L,4Dy)) and
chrysene (CygDy-) . Recovery was monitored by determining the

areas of 1ons m/e 136, 188 and 240. The i1nstrument was tuned and
calibrated daily to meet US EPA decatlucrotriphenyl phosohine
(DFTFF) specitications (USEFA 1580 .

Analysise for Inorganic Constituents

Residues were gscreened for 72 elements using a1nductively

coupled plasma emission spectrophotometery (ICPES) (Model G775
Flasma Atom comp, Jarrell Ash, Waltham, MA). Fecause of the ery
high content of Al-0zx 1n the samples, solution was effected by
fusion with lithium metaborate (L1BOo). The fusion was carried

out at 1030°C after adding 0.25 g of homogenized sample to v.g 3
of Li1BO-. The contents were then dissolved 1n dilute nitric aca
(HNO-) and analyzed by ICFES. Lead, Cd and As 1n the resiouel

were determined using atomic absorption (AA) spectroscopy . The
samples for these determinations were first digested with nitrac
and perchloric acids. The dissolved samples were then anialvrer
by flame atomic absorption spectrometry (Moad=1 SO0k, ertan
Elmer, Norwal k, CT). Arsenic was determined using a  heedreade
generation system (Model MHS-1, ferkin Elmer) attached to o Model
607 atomic absorption spectrometer (Ferkin Elwmer). Gxrde and
chloride ratios for ZIn, Fe, Fb, Cd., and As 1n smokepot residues
were estimated by determining the water zolaole  and  neLoratle
portions. The composition of the smobkepot rewidus was  then
calculated by assuming that the water csoluble fractions represent
chlaorides and the water 1nsoluble 4ractyons the oo, Vel sty e
concentrations of major 1norgantc concttoent 1o the bame e s o
pot residues from the two louts were then oaloulated.
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RESULTS
Major Inorganic Constituents

A total of 39 smokepots were fired during the two trials.
Thirty-five smokepots were from Lot # PB-84 M024-007 and four
were from Lot # PB-B4 €020-012. Smokepots were weighed before
and after ignition; smokepot residues (2182 to 3297 g) were 16.0
- 24.4 percent of the original smokepot weight (e.g. Table 1). A
record of burn rate, burn time, air temperature, and humidity was
maintained in each trial. Burn times varied from 8:01 to 21:27
minutes (15:40 + 3.05 average, 1 SD) for Lot # PB-84 M0O20-007
pots (Tables 1, 8) and 8:47 to 17:07 minutes (13:23 + 3:41 aver-
age, 1 SD) for Lot # PB-84 CO20-012 smokepots (Table 8). The
difference between average burn times for the two lots was not
statistically significant.
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Smokepot residu-ssx . - L. gon.ced and analiyzed for major
1norganic and orgamic ccnstirtuents according to the analytical
scheme outlined earl:ier. The stoichiometric ratios of the smoke

generation process (represented by equation 1) show that ZInCls,
Al-03 and carbon account for 74.2 7%, 19.1 % and 4.5 % respective-
ly of the total mass of the products. I+ substantial quantities
of InCl, were lost as vapor/particulate matter from the smoke-
pots, the major constituents of the residue 1n the smokepot would
be Al-0=x, elemental carbon, InClio, and residual Zn0. This was
supported by the results obtained for residues from different
burn modes.

Results for Trial 1 smokepots Trial 1 are given in Tables 2
and 3, and for smokepots from Trial 2 in Table 8. The major
1inorganic constituents were Al, elemental carbon, Zn and Fe. The
predominant aluminum species was oxide, while ZIn and Fe were
present as chlorides and oxides. The discrepancies of 3.1 to 4.3
% 1in the materi1al balance can be attributed to the error 1in
analysis and to adsorption of moisture by the residue. The
concentration of Alo0z 1n smokepot residue was generally highest
in the upper middle section AR—1 (Table 3). This was expected, as
this section contained the highest proportion of Al metal in the

smokepot (to help the i1initial burn process). The carbon content
increased towards the sides (section O). Appreciable quantities
of chloride 10n were also cbserved in this section. (It 1is

possible than InCls was trapped by the high carbon content of
this section.)

Concentrations of Cd and As were generally below 1.0 ppm,
although Cd concentrations in residues from Lot # PB—-84 C020-012
reached 118 ppm. Concentrations of Pb, Cd and As in the residues
differed between lots and were most likely related to the concen-
tration of these elements i1n the smokepot munition. However,
unlike the results reported by Katz et al. (1980), no direct
correlation in the relative concentrations of Pb and Cd was found
in the smokepot residue.

Major Organic Constituents:

Total extractable organics, primarily aromatic hydrocarbons
and chlorinated aliphatics, were present at concentrations below
) S A The c¢hromatoyraphic results obtained for representative
smokepot residues are shown 1n Figures 7 - 9. Chromatograms from
the four i1gnition modes did not differ. Recoveries for the model
compounds {naphthalene to dibenzanthracene) were 85 %4 - 100 .
The predominarnt organic compounds found in  Trial 1 smokepot
residues were aromatic hydraocarbans (Table 5). Using the refined
analytical net hard thiorinated aliphatics were the major compo-
nents of res:dues 1 the spent smokepots in Trial 2. Compounds
were present at low levels only;g most of the aromatic hydrocar-
bons 1.e. naphthalene, methvinaphthalenes, dimethylnaphthalenes,
trimethylnaphthalenes and methylphenols were at 0.2 - 2 ppm 1n
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all residues. The predominant species are listed in Table 7, and
shawn in Figure 10.

Composite samples of smokepot residues from Trial 1 were
analyzed for polychlorinated dibenzo-p-dioxins (USEPA 1984), a
class of highly toxic compounds. These compounds have been shown
to be formed during incineration of chlorinated organics such as
polyvinylechloride and polychlorinated biphenyls, and others. The
reaction conditions inside the incinerator, although occurring at
a lower temperature, are somewhat similar to those in the smoke-

pot. For these analyses, the three sections ot residues at each
depth for a given smokepot were combined; 15 samples were pro-
duced. All of these compounds were present at concentrations
below 1.0 ppb. The low concentrations can be attributed to the

very high temperatures £1100°C) (vVan Voris et al. 1986) to >
1500 C (Katz et al. 1980) 1 reached during the smoke generation
process, which lowers the chance of survival of most organics
(Senkan 1982). Further, Senkan (1982) notes that the decomposi-
tion of chlorinated organics may be catalyzed by iron, 2zinc, and
aluminum catalysts at relatively low temperatures. Carbon tetra-
chloride yields phosgene at temperatures as low as 100°C in the
presence of iron, while chlorofaorm, trichlorcethylene, dichloro-
ethane, and tetrachloroethylene (perchlaoroethylene, formed by
pyrolysis hexachloroethane) give detectable amounts of phosgene
around 300°C.
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fuantities of deposited residue varied with the burn mode
(Table 13). The inorganic compositions of deposited and smokepot
residues were usually about the same (Table 9). However, concen-
trations of organic compounds in residues from smokepots ignited
on their sides were generally higher than in residues from
upright smokepots (Table 113 Figures 11-12). Partially reacted
materials were represented in these residues which contained as
much as 15 % (by weight) hexachloroethane (HCE). The formation
of hexachlorobutadiene (HCBUT) and hexachlorobenzene (HCB) were
probably produced by dechlorination of HCE to perchloroethylene
(PCE), dimerization of PCE to HCBUT, and addition of FCE to HCBUT
followed by dechlorination (Eq. 2):

(Eq. 2)
C2Cly + Al + ZInO —--> InClp + Alo0x + C + heat
\
N\ - Clo
\ - Clo
-=2> €€l ———> C4Cly —————— > HCB
(PCE) (HCBUT)
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DISCUSSION

TRIAL 1: RANGE FINDING

Trial 1 was conducted at Ft. Leonard Wood, MO on June 24-295,
1985. Five osmokepots from Lot # PB-B4 M024-007 were ignited

sequentially. Burn rate, burn time, ambient air temperature and
humidity were monltored during each burn (Table 1). The air
temperature was I7. SC and the relative humidity was 354, The

purpose of this trial was to determine the homogeneity of organic
and 1inorganic compound concentrations in residues remaining 1in
the canister. The only combustion scenario considered was the
upright single smokepot. In order to maximize the opportunities
for data analysis, a balanced design with replication was used
(Appendix A). Sampling bulk material is statistically compli-—
cated (Appendix A). We will refer to the set of smokepots used
in a trial as a lot (not to be confused with Lot # of a given
canister). Fortions taken from the lot will be called samples

(Venter 1982). In statistical terms, the smokepots constitute a
"*segmented"” 1lot. A segmented lot is one that comes 1in parti-
tioned form such as in packages, bales, cans or truckloads

(Elder, Thompson and Myers 1980). Examples of nonsegmented lots
are a tank of oil and a pile of coal.

Table 1: Burn Parameters for Trial 1 Smokepots, Lot # PB-84 M0O24-007

Burn Weight (q) Smokepot Burn Time
Pot # Initial Final Residue, % (min:sec)
1 13,600 2922.6 21.4 16:57
2 13, 600 2913.2 21.4 18: 00
3 13,600 2900.8 2t.1 16:17
4 13,800 3152.1 22,8 17:05
S 3,400 2373.89 17.7 15:47

The color and compactness of the residue varied with loca-
tion in the canister. The middle section (Figure 3, section A)
was whitish—-gray in color, and the shade grew darker with depth,
i.e. A-1 was the lightest and A-3 the darkest. Sections B and C
were darker than A, suggesting a higher carbon content. The few
orange areas at the top and along the side of the smokepot were
probably FeCl=x. Material from each section was separately homa-
genized and analyzed for major inorganic and organic constituents
according to the analytical scheme ocutlined earlier. The major
1inorganic constituents (Table 2) were Al, C, Zn and Fe. Aluminum
was present mainly as oxide, while Zn and Fe were predominantly
chlorides and, to a lesser extent oxides, in agreement with Eq.
1. Farticularly to be noted are the concentrations of lead,
which averaged 365 ppm (39 - 1280 ppm) and often exceeded 1000
ppm (O.1%). Average lead concentrations differed significantly
across section (A=1355, E=407, C=539 ppm), and decreased signifi-
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ﬁ cantly with depth (601, 349.5, 143.7 ppm); the sectiontdepth
- interaction was not statistically significant (p = 0.222, 2-way
2 analysis of variance).
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’: Based on the stoichiometric ratios represented by equation
#‘ 1, 1InCly accounts for 76.5%, Al,0zx 19.1%, carbon 4.5%, of the
.Q total mass of the products. I+ most of the ZnCl, was lost as
v vapor/particul ate matter from the smokepots, the ma)or compounds
! 1n the smokepot residue would be Al503 and C. This 1s generally
;, supported by Table 2. Other i1norganic constituents detected in
.4 the residue were Fe and Fb, with concentrations between 1% and SO
ﬁ ppm respectively. Arsenic and cadmium concentrations were 0.2 to
o 6.0 ppm. Concentrations ot Pb, Cd and As i1n the residues were
- most likely related to their concentrations 1n the smokepot muni-
\ tions, although a direct correlation was not shown. Ionizable
:~ chloride concentrationss (determined by 1on chromatography) were
i highest 1n section C of the smokepot residue (Table 3). The
» predominant species was probably ZnClo. Ferric chloride (FeClz)
~a was formed to a lesser extent by reaction of HCl formed during
?- the smoke generation with the smokepot casing.

ft Table T: CONCENTRATION OF IONIZABLE CHLORIDES

-:\

n Concentration

o Fot # Section (% of solid residue)

qQ

s z AKX

Bx 7.5

- Cs 11.2

! 3 AxX 4.2

Bx 4.2

o Cx 8.4

“

- 4 Ax 4.

- Bx 4.6

- Cx 12.0

;\ 5 AxX 5.0

- BX 6.0

. Cx 12.0

- 6 A 2 4.2

e A 3

> B 1 5.8

o~ B 2 5.0
& B 3 4.2
I% cC1 16.0
- c 2 12.0

q cC3 6.0

P

o *Composite sample i1ncorporated subsections 1,2, and 3.

- The homogeneity of the distributions of metals and carbon 1n
[ | the smokepot were evaluated by statistical analysis. A nested
w analysis of variance (ANOVA) design was used 1n which depths were
:§ nested within sections and smokepots were replicates. The
‘-

-
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NG .
X results are summarized 1n Table 4. The concentratiron of Al >0~
:: was generally highest in the upper middle section, A-1, retlect-
\f& 1ng the high aluminum metal concentrations used in this section
SN of the smokepot to help the burn process. However , differences
v -, in the concentrations of total aluminum 1n the resi1due were not
AL statistically significant. The analytical concentration of
‘::ﬁ carbon varied significantly (p 2 Q.9 acrouss sections and
»$\: depths. Concentrations were highest at the sides and at the top
NN (1.e. C-1), where they reached I8%. Appreciable quantities of
yﬁﬂ zinc and chloride 1on were found, especially in the ocuter section
D) (C) of the smokepnt. The chemical analyses suggested that ZnClo
N was probably trapped by the high carbon content of this sectian.
,Q, However , concentrations of ZIn (all specires), As and Fe within a
S smokepot did not differ statistically. Lead concentrations were
;5- significantly different across sections but not depths and Cd
' }* concentrations diftered both across sections and depths.

:&3 Table 4: Results of Nested Analysis of Variance - Trial 1

N

e MEAN SQUARTS F RATIO

W
T = ELEMENT DEFTH SECTION ERROR DEPTHX SECTIONXX
:x: Aluminum 5301.4 3782. 4723, 6 1.40 ©.88

SRt Zinc 67.1 21.3 12.7 .15 1.56

o Iron 1.4 1.1 0.8 1.24 1.24
fﬂ} Carbon 1188.1 286.1 .1 4.054# 1.46H
f Lead 567758.9 I43554.°2 80921.3 1.65 4.25%

250 Cadmium 59.3 17.5 2.4 3.38#%# 7.264

a3 Arsenic 2.8 1.99 1.87 1.41 1.06

he)
;:ﬁ 12,325 degrees of freedom (critical value = 3.27; p = 0.95)
Ay F = Depth mean square/Section mean square

' k16,35 degrees of freedom (critical value = 2.2%9; p = 0.99)
AT F = Section mean square/Replication mean square
;5& #Equals or exceeds appropriate critical value.
D ._;.
g
D s
- ':.
Y Aromatic hydrocarbons were the major organic compounds found
Ny in spent smokepot residues (Table 5). Most concentrations
ixﬁ (i.e. naphthalene, methylnaphthalenes, dimethylnaphthalenes, tri-
I, methylnaphthalenes and methylphenols) were 2-10 ppm in all canis-
N 2 ter sections. Folychlorinated dibenzo-p-dioxins and polychlori-
Y nated dibenzofirans concentrations 1n composite samples were
o.- below the detection limit of 1 ppb. Chlorinated aliphatics were
75 not found. The probable mechanism of loss was through AlCl1x-
o catalyzed Friedel-Crafts alkylation of the toluene (Morrison and
J?i Boyd 1944, p. 385) used as the extractant.
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o, Table S5: Major Organic Compounds Found in Traial 1 Smokepot Residues
[
]
q& Fot Section Major Organic Constituents
B
' 1, 3 A Traces (< 1 ppm}) of naphthalene, methylphenol,
. mono—, di—-, trimethyl naphthalenes
2 c Naphthalene (™1 ppm); other constituents

similar to section A

13
o
Pl S
 'v s

3 C Naphthalene (“1 ppm); methylphenol 92 ppm;
all others similar to section A ({ 1 ppm)

Y

The organic compounds in deposited residues differed from
those found in the smokepot residues. Most of the deposited
material was collected within 1 meter of the smokepot; 1little or

hY K 1
--JL{LJL'&f:fJ~ P

n) no material was found in collection plates set at distances
a greater than 2 meters from the smokepot. The mass of deposited
L residue collected at distances from the smokepot are given in
| : Table 6. Defining lwt = log (weight + 1) and ldist = log (dis-—
;& tance + 1), the relationship between weight and distance was

consistent with exponential dieoff (Eq. 3):

Iwt = 2,367 - 1.383 ldist (r2 = 0.908, 13 d+f) (Eq. 3)

CEX K
iﬁﬂ\&&j

To assess the ecological importance of deposited residues,

A

@' estimates of the quantity of material deposited at each distance
-%r are needed. The corrected weight (cwt in g/m~) was obtained from
: Table 6 by dividing the raw weight (g) by the proportign of the
J.: area sagpled. The mean Eorrected weights were 237 g/m~ (0.5 m),
N S07 g/m° (2 m), 46.7 g/m° (S5 m). Defining lcwt = log (corrected
weight + 1), regression gave the relationship (Eq. 4):
g9

s

A ., 2 . 2

J: lcwt = -8.010 1dist™ + 14.870 ldist (r= = 0.993, 13 df) (Eq. &)
)

I

Y An estimate of the maximum distance residue was distributed, 5.4
oy m, was obtained by setting lcwt to zero in Eq. 4. An estimate of
;.’ the total mass of material deposited within 5.4 m from a single
g‘ upright smokepct, 2945 g, was obtained by numerically integrating ‘
%y Eq. 4 between the limits O m and 5.4 m. The deposited material
mt was about 3207 of the mass deposited during ignition, or about 22%
@, of the i1nitial smokepot mass.
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J:, Table &6: Mass of Residue Collected Downwind of Smokepots, Trial 1
Ny
:j Pot #  Distance (M) Weight (q) % Area Sampled
Rt
) 1 0.5 6.62 2.56
@' 1 2.0 1.02 0.17
W 1 S.0 0.07 0.03Z
s
! - 2 0.5 5.00 2.56
A0 2 2.0 0.48 0.17
t 2 5.0 0.00 0.03
W
Ha 3 0.5 3.76 2.56
3 3 2.0 0.65 0.17
'¢:; 3 5.0 0.00 0.03
' 3 0.5 6.69 2.56
N 4 2.0 0.58 0.17
o 4 5.0 0.00 0.03
s
,3 5 0.5 8.28 2.56
) S5 2.0 1.58 0.17
Qm S 5.0 0.00 0.03
\::
;ﬁ- Chemical characterization of deposited compounds was limited
X by small amounts of sample and contamination of samples during
- storage and extraction with toluene. The major organic compounds
! in the residue were hexachloraethane (100-500 ppm), hexachloro-
%) benzene (5-150 ppm), hexachlorobutadiene (5 ppm) and phenols. A
'ja summary of the analyses is given in Table 7. Many other com—
ﬁj pounds, mainly aliphatic hydrocarbons, were also found. These

compounds probably reflect contamination during storage of the

o
- samples in polyethylene bags and glass vials with polyethylene
D) liners.
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::3 Table 7: Organic Constituents of Residues Collected 0.5 m Downwind
e of Smokepots - Composited Samples, Trial 1
s,
Wy .
s Pot # Constituents Concentratign
ppm g/m”

)‘ <
X-.", 1 Hexachl oroethane 220.0 0.057
::: Hexachlorobenzene 20.0 0.0052
Ko Hexachlorobutadiene 12.0 0.0031
" Methylnaphthalenes 10.0 0.0026

) Chlorinated phenol 5.0 0.00132

o

™
AN 2 Hexachloroethane 120.0  0.023
o Hexachlorobenzene 15.0  0.0029
;; Methylnaphthalenes 2.0 0.0004

L)
. Z Hexachloroethane 500.0 0.073
,:ﬂ Hexachlorobenzene 50.0 0.0073

EN Hexachlorobutadiene 15.0 0.0022

) Methylphenols S0.0 0.0073

\

Caf

’ .‘

o S Hexachloroethane 220.0 0.071

] Hexachlorobenzene 50.0 0.016
»:f Methylphenols 200.0 0.065
.

>
9 . .

'S Conclusions from Trial 1

-~
f Characterization aof the smokepots showed that 17-23% of the
‘ol original mass remained in the smokepot as residue, primarily as
A inorganic oxides and chlorides (Rl1503, carbon, ZInClp, FeClz,
;‘ﬁ Feo0z). Trace amounts of Pb, Cd and As were also found. Organic
- constituents were a minor portion of total residue mass. The
;” identified organic compounds were aromatics such as naphthalene,
) alkylnaphthalenes and methylphenols. The material collected
'C outside the smokepot contained many chlorinated organics such as
ﬁﬂ tetrachloroethylene (TCE), hexachlorocethane (HCE), hexachloro-
'ﬂ} benzene (HCB), hexachlorobutadiene (HCBUT), and chlorophenocls.
'i{ The deposited residues were characterized by unused and partially
d used reactants and their products.
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3fq TRIAL 2: CHARACTERIZATION OF RESIDUES FROM FOUR BURN CONFIGURATIONS

e

+ By

L:F In Trial 2, 34 smokepots were r1gnited using four burn modes:

T (1) single smokepot upright, () deouble smokepot uapright, )

AN single smokepot on side, (3 double omubepot on side. Concentra-—

N tions of major i1norganic and orgamic specles found 1n the smoke—

}x' pot residues and distributed outside 1gnited smokepots are  given

'f%ﬁ in Tables B and 9, respectively.

b

v )

-iﬂ Tables B and % suggest that Lot # FB-34 CO20-012 residues

{*: differed from Lot # FB-84 MOT4-007 residues. Differences 1n the

ﬂ:\ composition of smckepot residues 1n Table 89 are examined i1n Table

lﬁﬁ: 10. One-way analysis of variance showed that for both a single

'y smokepot and a stack of two omokepots 1gnited horizontally, A,

. In, Cd and As levels 1n the smokepot residue differed between

T lots. Aluminum levels were higher in residues from Lot # PE-84

ZQR MO24-007, while ZIn, Cd, and As levels were higher in residues

.:{j from Lot # FE-84 CO20-012. Similarly, although the data (Table

J:f F) are very limited, the compos:tion of residues deposited from

L Lot # PR-84 CO20-012 and tot # FE-B4 MO24-007 differed. For mode

Y 2 (double upright smokepots), concentrations of Zn, C, Pb, Cd,

NG HCE, HCEBUT, and HCE were higher, and Al and TCE lower, in Lot #

e FB-84 CO020-012. For burn mode 4 {(double smokepots on side), Fb,

AN Cd, TCE, HCE, HCBUT, and HCB concentrations were higher, and Al

.:EQ was lower, in Lot # FPB-84 COZ20-012. Because of lot-related

K differences, only the 30 smokepots from Lot # FE-84 MO24-007 were
considered in most of the later analyses.
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Table 8: Inorganic and Organic Species found in Smockepot Residues: Trial 2

Concentration (1) Concentration (ppmi Burn Tise
Pot Al Fe In C EXT Pb {d As TCE HCE  HCBUT HCBS {Min:Sec) |

Hode 1, Single Seokepot Upright Air Tesperature SOC, Relative Humidity 651
01 39.6 0.25 1,10 3,65 0.60 14,0 0.60 1,0 32,30 19.80 1.300 0.070  17:1b
02 40,7 0.47 5.06 2.94 0,60 74,0 0.90 0.9 12,50 9.80 0,820 0.090 17:07
03 35.7 0.24 1,61 2.91 . 67.0 0.40 0.8 10.20 4.00 0.6B0 0.050  17:14
04 42.9 0.30 5.60 3.04 0.70 ti0,0 0.90 0.8 9.80 6.50 1.020 0.040 18:20
Nean 39.7 0,32 3.34 3.14 0,63 64.3 0.75 0.9 16.20 10.03  0.955 0.062

Hode 2, Double Saokepot Upright Air Temperature 1°C, Relative Humidity 651

05 40.4 1,20 4,10 9.48 2.15 220.0 1.90 0.8 13.50 7.80 0.050 0.050  12:14
06 41.4 0,32 2.93 5.37 1.12 38.0 0.70 0.8 7.20 4.80 0.080 0.050  16:06
07 45,7 0.91 2.90 6.56 0.60 140.0 1.00 0.8 10.80 6.70 0.200 0.080  15:34
08 42,9 0.27 2.13 2,64 0.39 69.0 0.50 0.8 10.40 4.00 0.230 0.120  1B:47
09% 26.2 0.72 22.80 3.70 0.22 340.0 118.00 3.6 6.15 5.00 1.020 0.330  15:27
108 29.2 0.46 24.40 1.96 0.24 46.0 79.00 3.0 . . . . 17:07
11 40.2 0.71 1.24 5.08 0.52 130.0 0.90 0.8 10.25 3.73 0.720 0.025 17:53
12 40.6 0.19 3.45 3.76 0.62 32.0 0.60 0.9 10.05 2.05 0.875 0.016  17:57
13 43.9 0.66 2.06 6.70 0.86 100.0 1.80 0.8 26.00 4.75 1.150 0.150  14:04
14 38.1 0.47 5.16 3.50 0.34 43.0 0.60 0.8 7.75 4.00 0.670 0.330  16:33
15 43.8 0.34 2,62 5,10 . 77.0  1.00 0.8 . . . . 16:32
16 42,0 0.14 4,55 3.43 . 15.0  0.60 0.8 6.25 0.90 0.048 0.080  18:13

Mean 41.9 0.49 3,11 5.1B 0,83 B86.4 0.97 0.8 11,37 431 0.425 0.100

Mode 3, Single Ssokepot on Side Air Temperature -1308, Relative Husidity 63%

17 35.4 0.32 3.19 3.46 0.8t 110.0 0.40 0.8 B.50 0.72 0.040 0,030  15:54
18 40.4 0.36 2.15 3.69 0.66 72.0 0.60 0.8 14.00 2.50 0,320 0.350  24:27
19 35.1 0.23 7.60 1.47 0.6 52.0 0.60 0.8 14,00 0.2B 0.470 0.046 17:10
20 40.4 0.34 1,97 3.35 0.59 140.0 0.60 0.8 10.00 1.45 0.490 0.070  15:13
21 32,2 0,12 2,04 3.28 0.73 78,0 0.60 0.9 19.00 5.75 0.290 0.040  iB:1l
22 44,1 0.18 6.19 2.12 0.37 94.0 0.60 0.8 33.00 5.00 0.850 0,030  17:02

Hean 37.9 0.26 3.86 2.90 0.63 91.0 0.60 0.8 16.42 2.62 0.410 0,054
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y :: : Table 8: continued
! \_'
1SRN
. Concentration (1} Concentration (pps) Burn Time
-:. Pot Al Fe In C EXT Pb Cd As TCE HCE  HCBUT KCBS (Min:Sec)
N, Mode 4, Double Seokepot on Side Air Tesperature -!ODC, Relative Husidity 541
.
‘.:C: 23 41,1 0.97 3.153.28 0.93 160.0 2.10 0.8 5.25 0.21 0.425 0.030 9:21
R 24 42.9 0.21 2,45 2.04 0.75 41.0 0.60 0.8 . . . . 15: 36
; A 25 28.1 1.17 24.80 3.72 0.36 190.0 74,00 2.9 6.25 0.47 . . 8:47
Y 268 29.0 0.38 24.10 4.35 0.23 260.0 £63.00 3.5 16.00 1.80 1.450 0.060  12:12
e 27 4.3 0.96 4.04 9.80 1.46 260.0 2.00 0.8 11.00 2.70 0.870 0.020 11:43
: :‘_ 28 38.9 0.59 2.42 8.20 1.62 170.0 2,00 0.8 0.31 0.23 0.120 0.030 {7:12
:'_-\.:: 29 39.50.30 1.73 3.60 0.74 43.0 0.60 0.8 0.05 0.05 0.040 0.010  12:23
.I‘:-: 30 43.0 0.18 4.1 1.17 0.55 25.0 0.60 0.8 12.50 1.50 1.100 0.005  16:25
"-‘ 31 44,2 0.53 2.86 1.31 0.90 180.0 0.60 0.8 . . . . 8:35
32 43,2 0.40 2,65 2.12 0.33 56.0 0.80 0.8 15.00 2,05 0.080 0.020 11:24
e 33 AL 0.74 2.76 A.11 1,29 110.0 1.00 0.B 1B.00 2.10 1.470 0.010 8:01 {
T 34 38.40.33 1.352.27 0,97 76.0 0.80 0.8 17.00 1.45 2,000 0.010  12:51 ’
\'.\ ‘
L :
:gﬁ: Mean 41.4 0.52 2.80 3.79 0,95 112.1 1,07 0.8 9.89 1.29 0.738 0.017 :
I !
o
; Fs¢ 2.9 1,51 0.56 1,78 0.95 0.4 0.64 0.5 1.17 7.78% .81 1.69 J
.(-‘\.;
X
¢
.'ﬂ'a
o
™
!
) :
-
.'l
2
L2l
'J_ XEXT=extractable organics
: TCE=tetrachlorocethylene, HCE=hexachloroethane,
.i: HCBUT=hexachl orobutadiene, HCB=hexachlorobenzene
'\.::'- # Lot # PB-B4 C020-012; unmarked smokepots are Lot # PB-84 M024-007
N $ Significant (p > 0.95)
sty 1tF-test
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Table 9: Inorganic and Organic Species Deposited from Ignited Smokepots:
Trial 2

Concentration (1) Concentration (ppa)

Pat Nasst Al fe In C 331 b Cd As TCE HCE  HCBUT HCBSY

Mode |, Single Saokepot Upright

o 1.3 .6 0.22 9.0 0.9 0.39 3t 0.6 0.8 1000 1960 5.2 15.4
02 17.4 0.1 062 11,7 048 0,32 39 0.9 0.8 1100 2060 21
03 20.5 4.6 0.48 6.8 3.86 49 5.3 0.8 16800 1300 48.5 2
04 38.2 42.2 0.38 8.9 0,12 0,93 72 3.5 0.8 75000 2194 B.s (3.4

Mode 2, Double Seokepot Upright

3¢6 31.9 kY] 0.49 13.9 1.93 72 3.5 0.8 60000 S5B0O 16.3  B.53
748 21.3 35.6  0.81 155 .06 160 3.7 0.8 30000 3100 8.6
9+108  26.9 30 .14 17,8 1,68 1.4 230 92 0.8 (0614 7200 364 F7
11+12  25.0 9.3 o.84 10.3 0.92 o0.81 120 2.6 0.8 1018 1040 5.9
13+14  33.0 3.6 0.6 13.9 0.6 181 170 2.3 0.8 27260 10570 1.3 2.98
15¢16  24.2 3.8 0.51 3.4 0.4 075 130 1 0.8 27200 10570 1.3 2.98
Mode 3, Single Sackepot on Side

18 14.7 2.7 1.4 211 1,94 2,08 S5 69  0.B 1836 1BA40 9.4 328.5
19 54.1 2.6 0.58 17.5 3.28 1.21 75 15 0.B 40000 56200 143.1 298.5
20 55.3 7.5 036 146 0.6B 4,32 24 1 0.8 15700 39900 8.5 20.9
2 26.5 2 0.63 18.8 2.04 9.2 W08 1226 15200 576.9 1119
22 44.7 2 0.63 18.8 2.04 9.2 73 25 0.8 10480 144000 837.6 582.1

fode 4, Double Ssokepot on Side

23424 45.7 23.7 0.55 20.4 372 9.9 61 14 0.8 42260 105000 98.3 402
254268 286 20.8 0.5 20.6 A3 190 240 1 53000 79300 358.9 1477
21+28 849 2.4 0.8 137 9.9 1.3 120 26 0.8 7600 1740 6B 238
30-34  t385asples could not be collected because of snow on groundsiss

¥Mass = total residue mass (g) collected between 0.5-2 m.

¥¥TCE=tetrachlaoroethylene, HCE=hexachloroethane,
HCBUT=hexachlorobutadiene, HCB=hexachlorobenzene

#Lot # PB-84 C020-012; unmarked smokepots are Lot # FE-84 M0O24-007
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?}) Table 10: Dne-way Analysis of Variance Comparing Smokepot Residues fros Lots # PB-84 CO20-012 and # PB-B4 M024-007
ol

ﬂ?; Mode 2 Double Smokepot Upright

‘r"“ Al Fe In C EXT Pb Cd As TCE HCE HCBUT HCH
o N OF CASESS 10 10 10 10 8 10 10 10 9 g 9 §
N RININUM 38.100  0.140 1,240  2.640 0.340  15.000  0.600 0.800 6.250 0,700 0.048 0.016
. RAXIMUN 45,700 1.200  5.1860  9.680 2.150  220.000  1.900 0.900  26.000 7.800 1.150 0.330
N NEAN 41.900 0.491  3.114  5.182 0.825  84.400 0.970 0.810  11.347 4.306 0,425 0.100

- STANDARD DEV  2.226  0.36l L.213 2,078 0.592  62.789  0.492 0.032 3.918 2.109 0.391 0.096

- N OF CASESSS 2 2 2 2 2 2 2 2 1 1 1 1
o NININOW 26,200  0.460 22.800  1.960  0.220  46.000 79.000 3,000  6.150  5.000 1.020 0.330
N nATINUN 29.200  0.720 24,400  3.700  0.240 340.000 11B.000  3.500  6.150  5.000 1.020 0.330
T AN 27.700  0.590 23.500  2.830  0.230 193.000 98.500  3.300  6.150  5.000 1.020 0.330
. STANDARD DEV  2.121  0.184 1,131  1.230  0.014 207.889 27.577  0.424  0.000  0.000 0.000 0.000
. Compound Hartlett Fxxx FProb Mean SD Fooled SD T Prob

N Al 0.004 0.004 0.957 I9.53 5.92 2.22 B8.28 O

T Fe 0.580 0.435 0.515 0.51 0.33 0.35 0.27 0.72
- n 0.008 0.006 0.938 6.53 8.06 1.2 21.94 ©

o C 0.377 0.281 0. 600 4.79 2.12 2.01 1.51 0.16
,ig EXT 6.401 5.765 0.024 0.71 0.58 0.55 1.36 0.21
N Fb 4.518 I.820 0.061 104.17 94.21 88.71 1.55 0.15
o cd 49. 366 —-95.263 1.000 17.23 38.87 8.73 14.42 ©

N As 24.199 55.315 0 1.23 0.98 0.14 23.28 0O

- HCBUTS XS 2.85
! TCEXXX2X —-13.26

. HCESRXS 1.43

HCBrIX% 2.23
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EXT

10
0.330
1.620
0.954
0.402

2
0.230
0.360
0.295
0.092

Table 10: continued
Mode 4 Double Smokepot on Side
Al fFe In £
N OF CASESt 10 10 10 10
RININUN 58.400  0.180  1.350 1.170
HAXINUM 44,200 0.970  4.610  9.800
MEAN 41.410 0,921  2.802 3.790
STANDARD DEV 1.969  0.291  0.971  2.928
N OF CASESS 2 2 2 2
NINIMUN 28.100  0.380 24,100 3.720
HAXINUM 29.000 1.170 24.800  4.350
MEAN 28.550  0.775 24,450 4,035
STANDARD DEV 0.636  0.559  0.495  0.445
Compound Bartlett Frex
Al 1.321 1.01
Fe 1.079 0.82
in 0.578 0.43%
c 2.728 2.19
EXT 1.956 1.53
Fb 0.286 21
Cd 21.3587 40 25
As 24.199 55.32
TCE 0.003 0.00
HCE 0. 008 0.01
HCBUTXxxx%x
HCEX XXX
b § Lot # PB-84 M024-007
L $ Lot # FPBE-84 C020-012

XX

1,26 degrees of freedom

260.000
112.100

190.000
250,000
223. 000
49.497

Pb Cd

10 10
25.000  0.600
2.100
1.070
T1.462  0.677
2 2
63.000
74.000
68.500
7.178

Mean

39.27
0.56
6.41
3.83
0.84

130.92

12.3
1.19

10.14
1.26

fAs

0.800
0.800
0.800
0.00¢

5

4

2.900
3.500
3.200
0.42¢4

N(DOLﬂ
@-bbiu

AU N

0 45
75.14
26. 36

0.95

&.75

.95

TCE HCE

8 8
0.050  0.050
18.000  2.700
9.889  1.286
7177 1.008

6.250 0.470
16.000 1.800
1.125 1.135

b.694 0.940

Fooled SD
1.88
0.33
0.93
2.78
0.38

75.14
2.54
0.14
7.14
1.00

HCBUT

¢.040
2.000
0.738
0.724

1.450
1.450
1.450
0.000

g8.84
1.00
29.92
0.11

2. 29D

Lo Ll

1.94
34,24
22,63
.22
0.19
2.37
1.22

- al

HCB

0.003
0.030
0.017
0.010

0.060
0.060
0.060
0.000

Frob

x¥x Computed using the standard deviation from Lot # FE-84 M024-007.
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-~ With the exceptions of Al and HCE, mean caoncentrations ort
o 1norganic and organic campounds 1n Lot # PBE-84 M0O24-007 smokepot
.i? residues were 1ndependent of the burn mode. The similarity of
&d pot residue compositions from the four burn modes contrasts with

deposi1 ted residue compositions.

]

ey
f

-‘\.
‘:f Concentrations of Al, In, C, extractable organics, Fb. HUE.
»\j: and HCB 1n Lot # PB-84 MO24-007 deposited residues were related
b& to burn mode (Table 11). Aluminum concentrations decreased
™ smoothly from Mode 1 to Mode 4 and Zn, C, EXT, HCE and HCH
: } concentrations 1ncreased. Lead concentrations 1n res:idues from
:ﬁ vertically 1gnited smokepots were lower than in residues from
:ﬁ} hori1zontally 1gnited smokepots; residues from single and double
«ﬁi smolepots tor an orientation bad about the same Fb concentration.
N Organic compounds were at least an order of magnitude higher 1n
: residues deposited from smokepots ignited an their sides than 1n
residues deposited from smokepots ignited upright. Levels of

\ . organics were comparable for single and double smokepots for a
\:- given burn orientation. These results show that changes in the

ﬁ burn scenario appreciably affected the dispersion of compounds in
:l\ the environment. For example, a horizontal smokepot contributed
i the larger mass of a given compound/gram deposited residue
’ although the upright smokepot deposited more total mass.
) (::

9

:?: Table 11: Means for Deposited Residues Trial 2 Lot # PB-84 M024-007
g2
{v Burn Mode : Average Concentration
oty e,
s 1Al Zn C EXT Pb HCE HCE

N A A % yA pPpm ppm ppm

WA e | m— e e
A '

) 1 (2 pot, up )  40.6 11.6 0.5 1.4 S 1878 17.7
:A, 2 (2 pot, up ) | 36 14,1 0.68 1.3 147 6380 13.8
N 3 (1 pot, side) ;i 28 18.2 2 b.4 60 54748 217
;;H. 4 (2 pot, side) | 25 18 5.9 S.7 124 62680 673
s
:g, Concentrations of compounds 1n smokepot and deposited residues
;bﬁ were usually uncorrelated. Exceptions (mode) were positive
;:i correlations for Al (2), In (), C (2,4), Fb (1), Cd (). 14
f&j mode 1s not considered, concentrations of Al, In, Pb, Cd, HCE 1n

.;i pot and deposited residues were positively correlated.

‘, 1

2L

0o To turther explore the effect . of burn mode, separate dis -
ﬂ;* criminant tunctions were developed for the smolepot residues and
Jti deposited recidues from ot #® FR 24 MOC4 OG7, The discraiminant
vﬂ? functron  was  Jeveloped u«ing oan.y  those compounds ditferi1ng
- between maodew (Al, In, O, eltractable organice, Fb, HCE. HCBE) for
rs the  deposited residue. Al e, tor the deposited residue, mode
53 aver ages replacted missaing (L values tor wsmokepots 3, S+4, 7+8.

22 AL

N
a

2 Q‘.se,

B AP B UV ., 4
L S R S LA PR I .o e e e A AT -*_"-r?‘n‘.r".‘\ '-\.‘_'.‘
PRI R A A N L N I \ TS S WA AN AR N §, A N Y A

O, T O, "
NI

Al




< - - g o pe 4 = Bl i vl Sl G Sd Rl b ol il Dl Bl Bl Sl Bl Bl Bl B Shadt Bl Bl SRR B A T i TR i
~
.,
) 1
N |
*
{\ A k-means non-tever arco b ad L T o U S
n , . .
) (three) discraiminant ( OOrdinates Jeveloped tor e !, T
s}: explained by Romesbury (1984, [ T S T A I LT
Lf; k. objects are 1nitially iimed a- . .o -
H objyects are tentativel, as-oognee o0t Gist oot . ca
&a nearest 1n distance { moust sim:liar to o whrat et
" of the k—-means methouds apart 1. e Tiae 1ot ¢
. -
N selected ta be seed-., B T LV B Y R TS
o 1nitial  set of ¥ seede o Lnee oLl ot g b
1:: rounding them."” Our wu.e Of the ot o0 o0 e - ) :
agreement with findings noled ab . oL i o Lobez, o0 6 L e 3 ‘.
' Y
'5} tormed a single cluster. Lot s A, Lite depost tod 0 -0 e
5 samples generally clustered L. Lury acde Clasie Lo A
j} supports the conclusi1on that the burn mode atte t=d the Core,
- tion of the deposit. (Cluster v developed ustng deopas: teo e 0
» . )
24 raw data were meaningless.) The table $1r et grvie oo i
’ statistics from an analysis of variaice performed 00 gact of Lo
. Y P
discriminant factors. The statisticall, <ign.ti1cant 1 a. 10w
- 9
.- indicate that each of the three discriminant fartor e oyt e
e among burn modes; clusters formed from nonsS1oI Y0 EAT Jre c o1
- nants are meaningless. Next, the members of cach « iustor Ar
- iven. The first cluster 15 farmed by upright smohepaobs §rom
« 14 4 p
burn mode 1! and some double upright pots from mcde 2. e ore ond
o tluster comprises the mode & single froricontal Mt epot s,
;;f Cluster 3 is formed by the doubie horizontal puots, Al T luster 4§
. is formed by double upright smokepots,
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TABLE 12: SUMMARY STATISTICS FOR K-MEANS CLUSTERING ON
DISCRIMINANT COORDINATESX
VARIABLE BETWEEN S5 DF WITHIN S5 DF F-RAT1O0 FROE
FACTOR (1) 94.454 2 .1321 2 31.143  .Q0C
FACTOR(2) -51.105 = 10,631 12 -19.229 1,000
FACTOR (3) 7.774 3 11,662 12 2.666 .095
CLUSTER NUMBER: 1
MEMBERS STATISTICS
FOT MODE DISTANCE | VARIABLE MINIMUM MEAN MAXIMUM ST. DEWV.
1 1 1.20 FACTOR(1) —-10594.77 —-1059Z.72 —-10592.86 .81
2 1 .27 FACTOR (2) -8037.36 -BO3I5.467 -8034.14 1.17
4 1 .78 | FACTOR (3D -525.94 -525.10 -523.84 .71
S+ 6 2 .90
11412 2 1.02
CLUSTER NUMBER: 2
MEMBERS STATISTICS
POT MODE DISTANCE | VARIABLE MINIMUM MEAN MAX ITMUM ST. DEV.
3 1 1.13 FACTOR (1) -10591.69 -10589.82 -10588. 36 1.15
18 3 <60 1 FACTOR(2) -8036.13 -8035.44 -8034.76 .46
19 3 .75 FACTOR<{(Z) -527.62 -3526.55 -525.30 -91
20 3 .81
21 3 .54
22 3 1.12 1
CLUSTER NUMBER: 3
MEMBERS STATISTICS
FOT MODE DISTANCE | VARIABLE MINIMUM MEAN MAX IMUM ST. DEV.
23+24 4 1.07 FACTOR(1) —-10585.85 -10585.19 -10584.52 .66
27+28 A 1.07 FACTOR () -B034.21 -8033.21 -B032.21 . 00
: FACTOR(3) -526.27 -524.85 -523.43 1.42
CLUSTER NUMBER: 4
MEMBERS STATISTICS
FOT MODE DISTANCE | VARIABLE MINIMUM MEAN MAX IMUM ST. DEV.
ﬂ‘.
% 7+ 8 2 .15 FARACTOR(1) -10594.68 -10594.61 -10594.52 .07
o 13+14 2 <29 FACTOR (2) -8032.71 -BCT2.13 -B031.47 .43
Fq 15+16 2 .34 FACTOR (Z) 526.32 -526.11 -525.89 .18
; ¥ Mode average used for C concentrations for Smokepots 3, S+6, 7+8B.
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Deposition profiles (Table 13) showed *hat e ouantiby  of
deposited material 1ncreased 1 going o caoeo e e amoke ot teos
double pots, and 1n going fram a vertical o btorasontal ool tion
during i1gnition. This 15 mest eoasi iy = o SLGID T L FOwWS
labeled "mean'" (or the "Summar v ) 300t Ho ks e ol oo of r o gure 17
which the means at evacly Jrstance §or AL Tiad- P TR Y |
against distance. Horeontall o place d =miokopat s dep. tled atront
twice as much material as Lhe same awnber O LAt enots ol acedt
upright at distances cut to 2 o (Table 170, Summar v). Twoy upr 1ght
smokepots contributed about 40% ware mas  thais a4 cinple upriaght
smokepot. Two horizontal pote contrabuted 3¢ 007 more mass than

a single horizontal smokepot.

Quadratic relationships through the origin (ke Tg. 4) wereo

developed for each burn mode. Area corroction factors for moden

1-2 (3-4) were 0.12 D 0.5 m, 0.034 (0.S8) 2 1t m, v.04 (ZIZ) 2 1.5 m

L~ 0.02 «(0.20) @ 2 m. The i1nflection point of the cuadratic curve
\: was used to estimate the distance at which the mass ot deposited
:, material peaked. This point was about !.7 m 4or all modes. The
[ non-zerao root of the equations was used to estimate the distance
:j at which the collected mass fell to zero. The: ecstimates were 7.0
3 m and 6.2 m for modes 1 and 2, and 6.0 m and S.6 m for modes O

o and 4. These points are shown in Figure 13 as a, b and -, d,
ON respectivelyv. These results were unanticipateds the a prior:
:{ expectations were that the peak and dieotf distances {for the
- horizontally placed smokepots would be farther than for upright
o smokepots. The data suggest that horisantal smokepots have the
Y sharper deposition gradient. The fairly uniform deposition

gradient from upright pots causes tailing, so direoff occurs more
gradually.

From the quadratic relationships developed, 1t 15 estimated
(by 1integration) that a single upright smokepot depasited 871 g
and double upright smokepots deposited 1728 g of material within
7 m. Estimates for a single and double hor:zontal smokepot were
110 g and 1946 g. These results suggest that doubling the number
of pots increased the quantity of material deposited within 7 m
by 40 to BO percent. Upright smokepots deposited 8 times the
quantity of material deposited from a similar contiguration of
horizontal pots. The reasons for this are not known . Ferhaps
when the smokepot is in the horizontal position material which
would have settled out was erther vaporized by the i1ntense heat
of the flame (which shot out at least 0.5 m) or resuspended by
its force. The results suggest that 1§ resuspension occurred,
horizontal smokepots might be more efficient at producing obscur-
ation because less material 1s deposited near the smokepcot and
the direction of the deposited material can he controlled. We
speculate that the heat of the flame and resuspension would
result i1n different particle si1ze distribut:ons for the two burn
orientations.
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::: Yable 13: Deposition Frofile of Smokepot Residues

Ca
b
a8
L,

L Fot # Collection Amounts (g) Total (g’
* Collection Dist. 0.5 1.0 1.5 2.0

hots

ug Mode 1 (Upright single smokepot)

o 1 0.3 1.6 2.1 3.1 7.2
o 2 3.0 6.3 3.7 4.3 17.4
45 3 3.4 S.4 4.2 2.1 20.5
v 4 8.7 12.7 9.8 6.9 38.2
0 meanX 3.9 6.5 S.0 4.4 20.9
£} »

e, Mode 2 (Upright double smokepot)

W, S5-6 3.9 9.0 12.2 12.8 37.9
Ko 7-8 3.9 6.2 5.4 5.6 21.3
, F-10%x% 4.5 7.6 7.3 7.5 26.9
o 11-12 4.3 8.7 6.6 S.4 25.0
T 13-14 5.8 10.7 8.2 8.3 33.0
N 15-16 5.1 7.6 6.3 5.2 24.2
e mean 4.6 8.4 7.7 7.5 28.3

[

t
e Mode 3 (Single smokepot on side)
p= 18 xx 6.0 4.9 z.8 14.7
o 19 XX 28.7 17.1 8.3 54.1
o 20 3 25.4 19.0 10.8 55.3

- 21 % 14.9 7.6 3.8 26.5
N 22 xs 19.9 9.2 15.6 44.7
/ mean 1 31 18.9 11.6 8.5 37.1
:ﬁ Mode 4 (Double smokepot on side)

X 23-24 1 84 23.3 13.3 9.1 45.7

> 25-26%%% 1 3 82.6 123.5 79.5 285.7
- 27-28 1§ 4z.2 23.8 17.9 84.9
) 29-34 Samples could not be collected because of snow.
I mean XX 3.3 18.6 13.5 65.3
3 :\:'J.

. sFor Lot # FE-84 M024-007

:J xxSample not collected because this distance was in combustion zone.
- $xxlot # PBE-84 CO20-012

X
408
¢ -

>
b=, Summary:

_,‘.

o. Made Meanx
.

o 1 2.9 6.5 5.0 4.4 20.9
K- 2 3.6 B.4 7.7 7.5 28.3

! K . 18.9 11.6 8.5 Z7.1
- 4 . 33.3 18.6 13.S 65. %
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Conclusions from Trial 2

THe statistical resultse for Trial ¥ suggested that the
composition of smokepot and deposited residues were related to
Lot #. For a given Lot #, the smokepot residue composition was
not affected by the burn mode, al though the composition of the
deposited residue (Table 11i) depended on both the burn configura-
tion (single or double smokepct) and the orientation (upright or
horizontal placement). As expected, about twice as much material
was deposited by a stack (eir1ther upright or horizontal) of two
smokepots than by a single smokepot. Hrizontal smokepots were
expected to deposit more material than upright smokepots, but the
reverse was found. However, a smokepot lying on 1ts side
deposited S5-10 times more organics than an upright smokepot and,
except for Al, higher levels of metals. Table 11 shows that
doubling the number of smokepots for a given burn mode generally
did not double the concentration of a given compound. The major
exception was HCE deposited from upright smokepots.

Relationships between deposited concentrations without
regard to burn mode are given as Spearman rank correlation coef-
ficients 1n Table 14. Aluminum, =zinc, carbon, extractable
organics, and HCE were highly correlated. Deposited concentra-
tions of In, C, extractable organics, HCE and hexachlorobenzene
decreased as the concentration of deposited Al increased. in
contrast, deposited concentrations of ZIn, €, HCE, hexachloro-
benzene, and extractable organics, were positively correlated.
The concentration of deposited lead was correlated, inversely and
weakly, only with deposited hexachlorobenzene.

TABLE 14: MATRIX OF SPEARMAN CORRELATION COEFFICIENTS FOR
EMITTED RESIDUES, TRIAL 2, N = 13

Constituent Al In C EXT Fb HCE

Al 1.000

In -0.895 1.000

c -0.708 0.592 1.000

EXT -0.906 0.846 0.636 1.000

Fb -0.174 -0.110 0.019 -0.025 1.000

HCE -0.824 0.851 0.457 6.879 -0.099 1.000
HCB -0.708 0.725 0.766 0.675 -0.359 0. 680
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N ENVIRONMENTAL SIGNIFICANCE
z' This study has shown that a sincle ano gt M1 N I ST
g deposits several hundred grams to more thon a b Longe =7 e et L
» within S5-7 m downwind and laterally arcuns the oot Hrdler
_: good weather conditions {1.e. low wind veloo.t NS N R VIPE A INS P
}; smokepot could deposit 2 hkg, as found 1n Tr.al 1. SR amits e |
] kg 1s deposited 1n a semi—circular area of radi:u o ant et
.i the residue 1s 1n the first 0.5 _cm of the weal. Tia roiams of
" contaminated soil is 196,350 cm” {that 1<, B AT I S
::, Assuming a bulk density of 1.58 g/cm” for the A borirzon of X
pd in tracked areas (Diersing and Severinghau: TELA The avoraoe
ﬂy cogcentration of .r251due in the 501} would be I207 L/t o T
I 107 mg/ (196,350 cm™ % 1.58 g cm )1, 1 the depcsition: ame s was 7
7 m, tne concentration 1n the soi1l would be 14533 mg/vq 1. =2, R
o~ (5/7)7 mg/kaqgl. From Table 9, the average l!ead counceniration 1n
$ deposited residue from a single upright pot wes (1459484937731 ,/4 =
- 52.75 ug Pb/g residue. Hence, a single uprighy pol woulo depalt
- 170.0 ug Fb/kg so1l [52.75 ug Fb/g residue (3.227 4 rezidun/kg
;# soil)d. Estimated soi1l loads (ug contaminant/kg soc:l)  f:aom  a
single upright pot for the other compounds 1n Table 9 are:
N Al=1,310,000; Fe=1327,000; In=371,500; C=16,00u; EXT=45,390G;
~ Cd=8.3%; As=2.6; TCE=19, 665 (based on geomeiric msan); HCE-£054;
;:T HCBUT=&8.0; HCB=57.0.
-
K

Aluminum, zinc, and chlorinated hydrocarbons are present 1n

P

-~ the deposited residue at levels exceeding 19200 mg/vy residue.
Q Assuming that most of the deposition 1s within S m 0f the scotba-
- pot, as above, the soi1l concentrations of these conpionags contrg-
,: buted by the residue from a single smokepot could ervcecn T wadba.
:} The lower levels (500 mg/kg residue) of cadmium. Areng oy laadd,
- and 1ron 1n the deposited residue would 1nirease U1l Cnntentra -
o tions by 1 uy/kg. For compar isan, IlTlinois regulations v+ the
{‘ application of sewage sludge to agraicul tural land b the
- incremental amount of Cd which 15 added to & 'bs/far-er. to A
? maximun  of 10 lbs. In establishing this Yimitat:on t0 protect
ﬂ s01ls and craops from Cd poisoning, the State assumed 'hat nes mal
é plowing would 1ncorporate the sludge :nto *hne firat et e iy}
' Using these {fi1gures, and assuming a o1l densrtyv af 0 0 o .
i the annual limitation 1s about 600 ug/kg soil.

.

.

2,

< Both HC smoke and 1ndividual constituerts n the conbrigee topan
® mix, the residue, and =smol e, are of tovro 2logreal cancern.
u Rabbits and rats, for example, exposed ta sinale doses 0f hexa-
:: chloroethane-zinc oxide «mobe and obser ved for up to 14 davs
::5 exhibited changes 1n the respiratcry tract. These (nanges  1n-
,,: cluded acute 1nflammation and 11 some cascos NELr D0 et the
‘ﬁj laryngeal and tracheal mucosa. Fulmonary edema and  ooouamnna tas

were observed 1n decedent animals. Antmal thiat o oL P

o end of the experiment showed <amilar but w0 "t c vy e
0y in the respiratory tract (Marrs et al. TR . e s
'E Cichowicz (1983), most of the major S0 I YRR ER SRR
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bustron mixture Or 10 recidues, such as Al, Td, HCE, and otnerc,
are of toxicological concern. Aluminum, for example, 1s 1mpi1-
rated 1n Alcheimer’s disease. Roberts (1982) states that
elevated levels of aluminum have been 1mplicated in semile
dementias ot the Alzheimer ‘s type (SDAT) and caations (p. 173,
that "extra scurces of entry of this metal should be eliminated
1nsofar as 135 possiblel”

xccording to the classification system of Cassarett and

Doull (19757, hexachloroethane 1s moderately to very toxic to
Tmoammal sg the lowest published lethal dose (LDLo) for 1ntravenous
adninistration to dogs 1s 225 mg/kg and to rabbits by subcuta-

eous administration, 4000 mg/kg. It can be absorbed from the
Jastrointestinal tract, through the lungs, and through the skin.
ndustrial  experience shows that an excessive amount of HCE dust
1n the air can cause 1irritatioin to the skin and mucous membranes.
According to Cichowicz (1983, p 33): "The dust has been assigned
a moderate hazard rating that may involve both irreversible and
reversible changes, but not severe enough to cause death or
permanent 1njury." Hexachloroethane is a reported animal carcin-
sgen (IARC 1979; Gold et al. 1984), with a relative carcinogenic
potency estimated from the linearized multihit model, S, of 0.014
mg/kg—day. Gold et al. (1984) report a standardized carcinogenic
notency of 3I19-359 mg for hexachloroethane, expressed as the
tumorigenic dose rate for S0 of the test animals for a given
target site(s) (TDS0). Hexachlorocethane is regulated by USEPA as
a drinking water contaminant.

Cadmium, ancther constituent of HC smoke and HC smokepot
residues, 1s a suspect human carcinogen (IARC 1976). As reported
hy USEFA, the relative potency of cadmium of 6.65 mg/kg—-day makes
1+ more carcinogenic than chlordane (S5 = 1.61 mg/kg-day), beryl -
b ian 5 = 2.6 mg/kg—-day), chloroform (0.07 mg/kg—-day), nickel
t1.15% mg/kg-day), and vinyl chloride (0.0175 mg/kg—-day), among
other well known carcinogens. Reif (1984) reported that although
s1ngly., nei1ther smoking nor exposure to cadmium appeared to be a
Carcanogen  for renal cancer, the group exposed to both had an
increased risk of 450%. Glaser et al. (1986) have reported the
results of a tharty—-day inhalation study of cadmium compounds by
maie Wisiar rats continuously exposed to submicron aerosols of
.1 mg/m” Cd as (CdClo or CdO; the total inhaled Cd was 0.55 mg.
Must of the cadmium was found 1n the lung cytasolic compartment.
"t mean white blood cell counts were elevated at the end ot the
inhalation period; mean serum activity of the alanine aminotrans-
terase GFT) was si1gnificantly elevated for the cadmium o:xade
suposed rats. Other effects were also observed. We expect that
the etferte Ohamrved 1 rats will follow the naormal 1nter-species
Calang relat ionships, and esti1mate that humaaszﬁwill exhibit

INTIR £ 74 toxmacaty at 0.55 mg (0.2 kg/70 kg 77 = 0.13  mg.

o thue datoa an Blaser et al. (1986) and Novak et al. (1984) |
e estiranated quantity of Cd inbaled by a soldier exposed to HC
mobe ander the Port Irwin sctemnario (Novak et al. 1984; exposure

I pot At 50 m) as 0.47 mq. Addi1 tional exposure to Cd will

la  Ahe BRe B Sra BRI i End el Bk S o A A
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:5 occur from depusited materials and camister rewns dues iy
~ cleanup, thereby increasing the likelihood that phvsialogro st
(o active levels of cadmium will be taken in.

e

Mo On 1ingestion or contact, zinc chloride, the prime cor oo
‘k: constituent of HC smoke, affects the lungs, skin, eyes, ..
K- and other organs. The general toxicology of z:inc chilorade

“Q been reviewed (Cichowicz 1983). The 1rnhalation oo ol

‘& zinc oxide, an HC smokepot reactant and emitted by prodgcct, e
pr been reported recently by Lam et al. (19855 . They studied tune
.:; tional and morphologic changes in the lungs of guinea iig-
K> exposed by nose only for 3 hr/day for 6 days to treshly  +o: e
‘:. zinc oxide pagticles (projected area diameter = 0.05 um, o0-qQ
rﬁ 2.0) at S mg/e”, the currently recommended threshold limit - o!ue
. (TLV) . Vital -apacity, functional residual capacity, alveciar
:, volume, ar- oci1ffusing capacity for carbon monoxide (Dl wer &
NG all decreased following the last exposure and did not return to
&: normal values by 72 hr. Increases in flow resistance and
]5. decreases in compliance and total lung capacity returned ¢to
jk* normal by 72 hr. Lung weights were elevated due to inflammat:on
. involving the proximal portion of the alveolar ducts and adjacent
!5 alveoli; these changes were still present at 72 hr. Lam et ail.
'ﬁx (1985) conclude from these results that "the current TLY for Zn0
2 may not be adequate."”

-

-~
(f The Toxic Substances Control Act (TSCA) of 1976 addresses
; the manufacture, importation, distribution, and use of chemical
fﬁ substances. Cichowicz (1983) found that present HC smoke mix
jﬁ materials were inventoried on the initial TSCA Inventory list.
. Some HC smoke constituents are listed under RCRA (40 CFR 261.33).
:ﬁ Hexachloroethane 1is a listed hazardous waste constituent, item

Ui31, and disposal of residues containing hexachlorcethane 1s
regulated by RCRA although use of hexachloroethane during train-

V)

.

i{ ing is not regulated. Phosgene is a by-product of HC smoke and
" is listed as acutely hazardous, Item PO%5. Carbon tetrachloride,

o a by-product of HC smoke generation, is listed as a hazardous

7:5 waste constituent, Item U127. Hexachlorobenzene 1s also a by -
N product and 1is listed as a hazardous waste constituent, ltem
}t u127. "Items 1listed as hazardous waste are not considered a
" hazardous waste until they are finally identified for disposal 1n
o accordance with DARCOM Supplement No. 1 to AR200-1 [32 CFR 6501"
H (Cichowicz 1983). However, wastes are defined by KCOkA

]? "hazardous" 1f specifically listed by regulation or if exhibiting

e any one of the characteristics of reactivity, corrosivits
e ignitability, or EP toxicity (as defined 1n 40 CFR 261.2).

“

Yo

"\

.:« An EP toxicity test was run on a sample of smokepot recie.

v Concentrations of lead (0.7i + 0.05 mg/1) and cadmium {0, Gf

o 0.002 mg/1) in the leachate were below the applicable standar
!& of S mg/l and 1 mg/l, respectively.

o
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Ol Appendi = - Statistical Aspects of Vi
[

;" Follow:ng Elder et ail. (128Q)Y L we woo ot st o PP
" ting the mean and varianc=2 of & lcot ~toroad oo M L. L,
;:{ smokepats! . The procedure reqguiress ~civtomi s eler vy on N
=, segments and partitioning them 1nte r cabiscte y oL LrnpTay baze
'x% of n segments each. we take p camples pe SCgmE >y ach
x; cemposite consists of np camples. Wee ra~dorl v s ect oot thie 5
s possible subsamples from each composs*te (5 g anteger & and run ot
! tests aon each subsample. For erxample, corncider are rnitial traial
‘zi using N = 6 emolepots. We can part:ition them an*a r = 5 gsubsess
N of n = 2 segments each. From each segment. oo 4 camnlos are
? taken, so the composite i1s formed by thorcughly mixing theo A = 7
;$ 4 = 8 samples. I+ the mass of a composite relative *o *h: mass
s required for analysis 1s large, then s °~ 1 . 5 subsancle; can be
* taken from each composite, otherwisa only = = 5 = 1 subbsamples
fl can be taken. On each subsample we perform t toesteo. For our
:i= purposes, all the analyses performed on a (sub)cample 1. a test;
‘G 1.e., we take t = 1.

v

.25 The mathematical solutions of the expressions {or the mean
ﬂ and variance are complicated, as are the resulting equations. An
sﬁ additional complicating factor 1n the amnalysis of the smokepots
,} 1s the need to separately sample and analyze the top, middle and
:ﬁ bottom levels nf the smokepot residues. This situation can be

handled within the framework of the model by forming composites
at each level and allowing the variance due to levels to be part

)

ﬁ. of the variance due to composites. Un+artunately, explicait

- answers to some of the questions that ariss 1n cheosing a - amp-

? ling procedure cannot be given because some cf variance compo-

-, nents are themselves functions of n which vary aifferently 1n

;ﬂ different applications. Because of high testing costs, the num-
ber of tests on each lot, rst, 1s usually small. The most common

- choice 15 rst = 1. If we can afford to run twao tests per lot, we

o must decide whether to take r, s, cr t equal to two. Given ret =

)E 2y we can check for changes in the basic parameters using =ither
:; two composites (r = 2 and 5 = t = 1) or two subsamples (r - £ = 1

’ and s = 2).

Reporting Data

- e e e

Because we are interested 1n comparing variability acroas.
pots, sites within a smokepot, and levels within a si1te, o lug:
cal reporting format is a matrix of the following tyvpe:

o> -, -
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B
s

)

re
p o

ﬁ\ﬁ Concentration
e Smokepot 1 I1 e
.j:: Site 2 3 1 2 3 ..
Yy Level a b c abc abc abc abc aboc ....
:_t‘:'_‘ LLompouc

o

_.'\-_.: Anthracene

o -

) . E . A

A Zinc chloride

o

o

s

¢\$ A similar matrix would be used for the deposition samples.
-’:.-"
v Statistical Analysis

s
o
tw3 The statistical design for the analysis of the smokepot
D > residue data is a nested factorial design.

®

,¢? If a two level design is used, the levels are:

37 . .

?c. Level Factor Maximum index
'ﬁf: 2 smokepots ()
L 1 sites within smokepot 4 (3 sites + pseudo site
{0 for compasite)
O:j O levels 4 (3 levels + composite)
\"-‘\'
B
e

"-{_4

3

f) In order to get replication, composites have a pseudo site index

*, of 4 and a pseudo level index of 4. For example:

2,

oL,

fzh 1 11 200 (first smokepot, upwind, value = 200)
o 1 4 4 250, 300, 395 (first smokepot, composites)

3

[f a three level design is used, the levels are:

W
‘a Level Factor Maximum index
N v smokepots b6

S ¥al p

s 7 sites within smokepot 3

LI 1 composite 3

®.- il levels within composite 4 (3 levels + composite)
l;{v
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